
.

.-
. . .. ..

TECHNICAL HEMORANDUU8

NATIONAL ADVISORY COiCIITTEEFOR AERONAUTICS

,

No. 105

= =38 CATASTROm

RIGID AIRSHIP

(German translation

AND THE l~OHANICS OF

CONSTRUCTION

of Smnish artlole
‘published in Wemori.al &e Ingenleros,u
by lhulli~Herrera, Ohief of “Engineers,
Uadrid.) ~

June, 1922.

. .... ..-— —



THE R -38 CQUMS1’ROPHE

RIGID AIRSHIP

(&rman translation
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,-\. . ..r..*--- - ! -.. . . -- -- published.in .Wemortal do-Z.ngenieros,”

by Fmilia Herrera, C~ef of Engineers,
Madrid.)

The dreadful disaster which oveztook the English rlglfi air-

ship.%38, on August 24, 1921, and in which 44 men perished, was

a terrible shock to the whole aeronautic world, sinoe (in vieW

of the successful operation of regular air traffio lines by the

Germans, both before and after the war, with Zeppelin airehlps

whioh oovered over 30G,000 km., wit%ut the least injury to any

passenger], it was cor,fldentlyassumed that airship construction .
. . .
had already Ixeemperfeoted to such a degree as to solve the prob:

lem of 10ng distance air traffic with the essential factor of
.
safety, whioh could not be attain-, by ai.~l&es for a long time

to oome. .

Of course, thorough investigations were undertaken, in order

“to~termine the causes of the.catas:rcplm, as to whether they

were inherent in the system itself &d therefore ~ossible to .

.Woid In this kind of airship-j.er whsther, on the contrary, the

accident resulted””fromerrors in ccnstruotlon,unforeseen occur- .

rences, or faulty operation In this particular instance, whim

WOUM in no way affeot the use of ri@d airships.

The aZr~ip.R.-38, built inlthe.~orkshops of-the Short Broth--.”,

ers; in Bedford,.sad finished by the British Admiralty, was de-

* From nLuftfahrt,n April, 1922.
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si~ed for the North American Navy as the ZR II and w= dest~~ye~

in the atte&3t to fulfill the very hard aomptsnoe otiitions...... ..

Its m=n dimensions were: length 212 m.; .dismeter 26 m.; gas

oapaoity, 77,000 ou~m. ; engine powea, 2100 ~ (6 engines of 350

HP eaoh); oarrylng ce.pao:ty,50 tons; speed, 129 km/h.

The rigid frame oonslsted of dum%lumln girders, similar to

the ones used in zeppelin airships, but i? was built under ~eo-

ial eanditions, which nzst lx Wken into aooount in endeavoring

“todetermine the caums of the disaster.

In the first place, it was the lazgsnt airship ever built,

its gas oapaolty being S590 ou.m. lauger thea that of the largest

Its oarryi.ngcapaoity was abo=t 60$ of tts totdl iift, a fig-

ure which likewise exoeedad that attained by prevloua airships

and whioh c~d only be reaohed by reducing thq weight of the

frame at the e~ense of Its strength. The above ratio of oarrying

oapaolty to total lift (IEmcimumlift of an airship, without-the

dyntio power obtained in oblique asoent) enables the determina-

tion of the statio altitude In the following mmner.
.

when an -rship asoends without load, it oan rise to a oer-

taln height, whore the air density is only 60$ of its value at

““&e-level, whioh aocord-ingto--tie-”ftiimdla
.

z = 16400 log -#.

.
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(in whioh Z is the attainable altitude, 5e the air density at

sewkvel, and 6 the air density.atthe height iimit),.oorres-

ponds.”~ an altitude of 73& m., whim is neoessaty in order to

I be beyond the reaoh of snti-airoraft guns.
I

Such a statlo altitude had hitherto not been attained by any

airship, sinoe it was considered uneafe to make the reqUi Eite re-

duotlon in the weight of t-hefxame.

But, in .cmderto fulfill these exmptional oondltlons, this

airshIp showed varic-asorlginal aad daring innovations, whioh were

in no way ss.ncticnedby e~erienoe.

The radial braolng cf the main rings or tran&erse frsmeS,

by which the intericv of the airshi? was divided into separate

gas oalls, was replaood by tangential braolng szxithe number of

oells or cozqmrtrnentswae reduced to 14, instead of 18, as pos-

sessed by the largest %ppellns. This gave increased lift, but

the free portions of the longitudinal girders between the rig “

(subjbote~ to pr~ssur~ amd bending etresees) were inoreased to

15 m., 3nsTeMd of

with

Thus

longltucilnal

the strength

ltbreover,It

11 m., as on all Zqpeli=a; uoeptlng the onas

stays, whioh were laoking, however, on the =38.

of these girders was @reatly reduoed.

nm~t be borne in mind that the builders of this “

airship of subh unusual oharaoteristics, had prevhusl~ built”no
. . .
metal”alrship, but that their “exp-eri&oe in this field of such

cMff1oult and delicate work was Mmi ted to the rigid wqoden air-

, ships ~ 31 and R-32 whioh came from their shops several years ago.
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During the buj.ldlng,various longitudi=l @ rdere broke un-

der the weight of the woikhibn; During inflation, other girders

I broke and the first trial”trip showed that the entire frame wa8

too w@E, necessitating various repairs and reinforcements.

.“ The airshlp.had tanks for 40,cG0 liters of gasoline and
.“
oould fiy 9,600 km. at full speed, or 14~500 km. at m’ulsing

speed. “Its radio station had a range of 2,400 km., and - filly

equipped for radiotelophoay and for obtaining its bearings by

: radio. - “

The aoobptance ~cnditions oonsisted in the demonstration of

the above-mentioned flight characteristlos. On the fourth and

las”ttrip of this airship, whioh was begun at 7:10 a.m., Au~st

23, from the Howden airdrome, the speed and maneuverability test’s

. wezecto be &de. The latter tests (severest of all) cousisted

in flying in sharp zigzags for 20 minlltes,In order to test tw

strength of the frame and the working of the rudder.

The airship remained the whole day and rdght of the 23d, In

the &ir kna @hbIi, %Ctdr SUOCOSS~ly Ooqleting its speed tOsts,

it was above Hull”at 6 o’clook on the morning of August 24, the

r&lder tests were begun with three successive turns, with the

rudder hard over. During the third turn the frsme of.the airship..

1 eve way near its center of gr”avityfrom the lateral bending ,... .. . . .“-- ‘--”-
stresses, where~on there tie immediately a series of e~~sio~~ .

followed by fire ati the pl~ of th~ @ant airship into tlq

Humber; not far from the harbor of Hull.

.“
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violent explosione whioh broke the wltiow

Huil ,
... .

Juries to the gas bags and

of air and hydrogen, whioh

gases from the engines.

In order to facilitate

must have oocurmd, m till

may b~ termed the mechanics

~nerally the frame@f

I

1

showed that they took plaoe after in- ‘

the formation of an explosive mixture

ti probably ignited by

the explanation of how

give briefly a general

of rigid airships.

the e-t

the fatal bre~

Mea of what “’

@ rigid airship (Fig. 1)

a series of rings (oco) or regular polygons, between

oonslst8 of

whioh are the

gas bags and whioh are tonnected by longitudinal glrdOrs (~1) ex-

tending from thg nose to t~ tail, whsrs the rudders and elevator~

are attached.

The frame thus formed, may be regarded as a rigid gtrder sub-

~eoted to a number of forces which, according to their nature,

may be olasslfled as follows:

lifting forces

foroes must be

during flight:“

lem); (2) -n

(3) When under

(aero-statio);

in equilIbrium

weight or loads (foroe of ~avlty);

accelerations (d~ami o). These “

in the three most important cases

(1) -n the airship is floating (aerostaticprok

flying without aocel.eration.(sarodynamioproblem);

the Inflwnce of any aooelerating force (dynsmio

.problem). We will briefly consider eaoh of these cases.

,, ----- ,.. . . . . . . . .

1. Aerostatic Pro31em.

When an alrship

air, it Is subjected

Is at rest with reapeot

to the foroe of gravity

. . . . . ..

to the surrounding

resulting from the
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weights of tne various p~ts and the loads oarried, and to the

lift exerted by the gas bags. Both fo=aes oheage during fll@t,

-- the former ‘being..cUmiz&h&d by.the fuel CWn~tlm and rel$xse

of ballast, thuugh it may be inbreased ‘byrain oz snow. The.lift-

ing for&e ohenges mttllthe temperake of tie gases aad cf the air

sad with okges in altitude aad usually decmties c6nstsntly f~m

osmosespermeabilityy ef the gas bags, leaky valves~ eto.

Slnoe the CMreotlon of ail these foroee Is vertioal, there 16

equllibrlu.mwhen the sum of ~he upwazd foroes equals the mm of

the cIownM foroes anti tiieirrespective resultants pass throu@

me md the same point.
.

If the length of the a:rshlp Is =~resented by %~e lim AL?

{Fig. 2) and there are drawn at right aagles to this line ordi-

nates representing the cross-seotional.smas of the gas 6paoe, we

then have a diagzam analogous *O tke dlsplaoeinentoume In”ship-

building, repr8ae~ttig.the dlstributloa of”the Ufting foroes

along the longitudinal sxis of The e..lrehlp.This ouz%-ecaa oheage

with the qu.antlayaaci&oyumoy of tie gas m the baga..but wlli

always keep’l.nside”pf a;ourve (plaln l~e) , whioh represents the

iifting foroe when the alrshlp is.aor@etely filled with pure hy-

drogen at Bea-level with the highest possible temperature of the

hydrogen w -d the lowest possible temperature of the surround-

=.,ing..atio~here. . .. . . . . ,-. . . ... .....

“As regards the loads or weights oarried, a distinction is

made between those whioh remain

&ship itself and of the orew)

oonsta+ cluing flight (weight of

and the changeable weights (fuel,
I

food, balM31st).
. .
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If we take, Eerpendioular to the line AB, Ortinates Xep-.

resenting ~he oonsttit weights, we have the load oume correspond-

ing to the laat part of tle fli@t, after all the fuel, foml M

ballast have been”used up. The resuitant of all these mini-

wel~ts m@ be offset by the lifting foroe of the remaining @s.

This is the ease when the area, between the clashourve”of the fin-

imum lift (whose ordinates must be proportional to t~ose of the

maximum lift) and the lon@tudinaJ axis

botandedby the curve of constant weight

the oenters of gravity of the two areas

AB eCWLIS the dark area

and when, at the ssme-tirnq

have tilesame abacissas.

In designing an airship, the constant weights must aco&dingl~

distributed so as to fulfill tlnlsoonditim.

The v&-iable loads (hatoheciarea) must be ao distributed

that their-variationswill-not displ&oe the center of gravity,

be

or

so that their oe~ter of gravity wili always have tie same abscis-

sa AG. Thus the magnitude and distr&.ztion of the Maximum-loads

& be establisLed”so that the area inoluded In its &rve will

equal that-of the maxlm~ lift. -

The distribution of these laads may be accomplished in var-

ious ways. we must ohoose the method whiah will exert the small-
.

est bending stresees on the menibersof the frame. In this oo&eo-

.!.tlon.we.see th&t,,in mgq~’...or~gqctlonlonof the airehlp, there is.. ... ....-- ...

exerted a resultant force whioh equals the difference between the

corresponding lift and weigh$. And”if, for ea~ point of the axis

we introduoe a new ordinate Fhioh represents the moment of the”
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it and the one end of the airship, we oan then

of the bending moment (dot line in Fig. 2), In
..., . -. ,,

whioh we oonsider as poslti.vebending moments t’tiostiwhioh tend to

bend the ends of tie airship upward and as ne~tive those whloh

‘tend to bend them downward. If we draw the

for various load distrktions, we & find

whloh”glves the minimum bending moment. We

mzresponding ourves

empirl@lly tke ourve

must be& “id mind,

however, that some solutions are Impraotloable, namely, when they

indloate an-exb::eOrdln&y accn&ulatioi of weights in any given

oross-section. ~his would produoe a relatively large shearing

foroe which would necessitate strengthening the oorrespondlng

seotion of the frame.

The loads are genezally supportedby the rlngd, partly all-.

reot aad p&&ly by a girder inside tke hull, whioh also serves

as a oonnebtlng oorridor. The llftkg foroes of tke gas bags are

transferred by means of a net to the longitudinal g2rders of the

frame and to the corridor girder.

& Aerodynamlo problem.

When the airship is flying, the driving foroe p (Fig- 3),

is transferred by the propellers to the oars or gondolas whioh,

being rigidly attaohed to the frame of the alrehip, in”tlirnsw-

port the motion of the airship by overooning the air reslstame. ,...,..,% ,.., ... . . . .,, ,...

RS whereby the longitudinal girders in front of the engine =6

are subjeoted to

fi the dlreotion

pressure. sinoe the air resistance sots ohiefly

of the axis of the hull end the .eng& oars are

. . . . . . . . . . .
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and below the hull (for

a maent whi~ t9nds to

W* This moment nnzstbe neutralized by sn

ment F-F produoed by the elevators. The

form of a bending moment (hatohed area) to

aerostatic stability),

~~e-the airehip nose “

equal aad opposite mo-

latter moment takes the

whioh all =OSS- : .

seotlons behind the first engine oar &e aubjeoted. For every

oross-seotion,this moment iS equal.to the moment of the forces

I’-F, which are behind the oross-aeotion uiideroonslderation,mi-

nus the moment of the propeiler foroes for this portion of the air

ship.

In eaoh oross-section, this bandtig moment is exerted on ail

longiimd.inalglxders, the stresses being proportional.to the diD-

tanoe from the neutral zone. Hence the foroes produced in eaoh

~dividual girder offset a portion of the total bending moment and

Indeed proportion- to the aqua-e of their distanoe from the pl&ne

of the neutral axis.

men an”airship, through uneven dlstributloa of its io~,

fllea on ~ Inolined keel, the air, etriking obliquely against %3G

hull and especially agadnst the horizontal tail planes,-exerts a

foroe equal.and opposite to those of all the baianoing etatio -

foroes, whioh likewise give rise to oorrespondlng bending moments

in the different oros-seotions. These bending moments must be
- , ,,.,

co-ted irithe”s~e”=sr ae those”pr&l&&i by

while also taking into comi~eration the lateral

air pressure in eaoh cross-section.

statio foroes,

m&ponenta of the

.. -- . —. — -.—.
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:l!i.D~Mlio problem.

-— The most importwt ease of the dynamio problem occurs when,

with the airship going at full speed, the elevators and rudders

are suddefiy displaced to their full extent. -Atthis i.nstmt

(Fig.4 ) there.is produoed against the rudder an air premzre, -

whose lateral oo~cnent tends to turr the airship.~out its oenter

of

at

ed

of

In

rotaticn. O. Thi= lies in front of the oenter.of gravity “g

a distanoe equal to the moment of inertia of ~ae air~~P ~vid~

by the product of its mass times the distanoe ‘betweenthe oate~

gravity & and the oentar of application of the rudder force.

other words, the product of the djstance of g from G Sad J

from the tidei surfaces is equal to the eqm-e of the r-us of

inertia of the alrskip.

The amg~lar acceie=ation given the airship Is mual to the

moment of the rudder force, with reference to the center of @ati-

ity, divided by the moment of inertia of the airship and this angu

lar acceleration produces rectilinear aocderations in the diffsr-

ent crosf3-8&tic=3, accozalng to their.dletanoe from 0. Thus

there are prcdumd in every oross-secticn, throu@ the linear ac-

celeration, inertia forces equal to the produot of the mass.tbs
.

the a~oeleratiom These forobs (shown In Fig. 4) produce bending

mcme&s (dot aurve), whose maximum oocurs a little behind th6 cien-
..-.

tei of g&vity. ““ . “
.---.-

AFplicEAj-onto the x@J.-.

With.77,000 ou.m. gas aapaoity and 1.1 kg. per cum. llfting
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foroe of oommeroial hydrogen, me osn assume the maximum &8rostat10

f.c?ro.eof,the..alrshipto have been about 85 metrio tons and theJ

minimum’35 tons (welglhtof airship without variable io=]. The

variable load wcnzldtherefore be 50 tons.

“The ar~rodynamioforoes of the airship,

under full engine power, may be oofiuted In

With ~ ei:g~ne power cf 2100 HP, ar 257~6GQ
..

fli@t

madner.

a ~eed

of 120 ti/h, or 33.3 rn/seo., the pulling foroe, if it could be

mmpletely tranrfierred,would be 157,500 divided by 33.3, or

4725 kg., end if we assume a propeller effiolenoy of ~0$ (the us’J-

the air redst~loe to be overoome by the airship. The nose is

therefore eubjeoted to this pressure whioh, in this particular in-

stance, is divided between 20 #.rders, so that eaoh girder Is sub-

jected to a pressure of 165 kg..

The distanoe of the middle line of the air resistaaoe from

the plane of the propeller axes was &bout 15 meters. The moment

%endmg to make the airship nose up (dynamio tail-head.ness) was

accordingly 3300 x 15, or 49,500 kgm., whioh had to be offsst by a

foroe of 49500/120, or 413 kg., exerted by the-elevators, if we a6-

sume that the elevator surfaoes were about 120 m. from the oenter

of gravity. Applied at a distsaoe of 80 m., i.e,, in the vioinity

“’of’’theriar”en&6’-ca;;, thla for&” woul~ have exerted a bending

moment of 413 x 80, or 33,040 kgm.,.whioh the 20 girders had to

withstand, the ~per ones In pressure and the lower ones in tensior
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If the radius of the airship is taken as me, then two of the

.,gtrdexs =s In the-mutrai plane, fuur at-O&31, faur at 0.59”,four

at 0.8L, four at 0.95, and two at 1.00 dlstame from the same

“plane. The force gmerat(~d ip &h @rder would be proportional

to

or

C?f

the sqv~.~eof its distaaos, i.e., to 0.10, 0.35, C,65, 0.90;

1.co. These numb~zs multiplied by the corr~spcndlng nvmbero

duced that In the most stressed girders, 5.e., in those farthe~t

from the neutral plane, a m~ment of 3304(~/10,Gr 33C4 kgm., is

produced amd that, with a lever arm of 13 m. (radius af alrshi~),

the

253

fcrce to be withctood by each @.zdor wmld be 33C4/13, or

kg.

The dynamic forres are more difficult.to oompute because we

need to how the mon~~t of ineltia cf the air~~hip,for ~hi~h we

have IJOaatiefactory da.t& We cm, however, make em approximate

oqtatlcn, by ts?ing as its basis a homogeneous girder of the

ssmo limgtliand mass &J”th9 airship.

~h~ tct~ mwa M of the airship Is 85,0C0 kg., not i~ludir~~

the mass of.the 77,GO0 au.m. of hydrogen (about 15,000 kg.), or

“ altogether 100,000 kg. With an over-all length of the ai=ship OY

212 m., we will take 2.10m. as the length of a girder, disregard-

ing the tlp of

The total

about IO()~.m.

the tail.

area of the

, which W-

horizontal stabilizers and

vertloal stabilizers azd rudders

about the same as ths total area

was

of tl.e“

elevators and since, with the rudders

I . . -—-— — —-— — . —. - —— - -
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hard over, m aerodynamic

-1.3 -

ooefflolent Ky of O.04 oan be obtained,

-the-transverseforoe -at the tail oduld%e”about F’~.”KySJa= 0;04 x

100 x 33.3= = 4.5 metria tons.
*

A 100-t& glrde~ 210 meteae long, ?ould have a znomentof in-

rotation~-%ith the e.pplzoationof a transverse foroe at ore end,

+
- = ZIJ.g

woula lie = 35 meters iz frcn.tof the center cf ~:e.w.3~ b

Ity. In this ease the aa@lar ~cdCIrat~.(Jn A would be.

.-
:~~ .f~r~eof ia~stia~ pr@u~d in every ~’oss-seOtiGT. d FL

dtstar..reof x from the oenter of rctatioa, will havs a ~-alueC2

MXAXX, in which M represents the mass of the cross-seoticn

under consideration. By aepresentlng these foroes gaphlce31y

(Fig. 5), we obtain the similsz triaxiglss s and s, the algelz~~

io s-cmof whose moments, with referenoe to a given omss-eecticz.,“

give the bcndiug moment in the same moss-section. This sum 0:

the moments may be expressed:

N70+x)- S*X
.

?O=
~ifwemake ~=~, we obtain for the

.

: 140 + 3X -.+)
( .

from

I

Dynamio equilibrium, however, requires

which we obtains as the bendtig moment

,

bending moment

s
F =S-~.-8 =3s

for eacl?.orose-s~c%lo?

.— - —. — —-..—
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bending moment will occur In the cross-seotlm

the’value’of-“x’’’”wekekelts”tiffezential auotlent

(3 - 3X=
) vanishes, i.e., for x = 70 M. This oross-&ection is .w

35 meters bshincl the oenterof gr~ity and its bending moment Is .

#@O+3X70- 70)=~F= 140000 k=.

The girders farthest frdm the neutral plane must therefore

be able to wlthstsnd a force of ~~ = 107~kg.”

If this fcrce is added to the above-mentioned aerodynamic stresses

we find that the girders would each be subjected to a total stress

of about 1250 kg. at the center of gravity of the airship, inhere

the break acmally occurred.

We see therafore that the dynemlo effect of a violent rudder

displacement, which was easily produced on this &SashIp with its

balanced rudders, could be more than four times as large as the

oonibinedstatic and aerodynamic loads during ordkary fli&t. It

is not strange, therefcre, that a rigid airship, whose

.atieady been strstied by the two latter foroes and was

a few minutes, while still

fearful test of having Its

entirely in two.

from the Germen
Translated/by the ~aitional

under maximum
.

rudder thrown

engfne power,

frsme had

then within .

put to the

hard over, should break

Advisory committee for Aeronautics.
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j-...>, Fig.2, Distributiorj
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Fig.4. Forces and momeilts produced
by throwing zucidezhard w er.

70 m
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Y
Fig.5. Forces of inertia.
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